Preface
Demands by experimental workers for standard materials, in this case for animals of similar, stable and repeatable performance, have resulted in an increasing sophistication in laboratory animal husbandry. Microbiological and genetic definition of animals has improved reproducibility of results, but variation is still introduced or enhanced by other factors, one of the most common of which is the diet.
With Committee did not confine itself purely to nutritional requirements, but also discussed aspects of production which could affect the quality and acceptability of the food when offered to the animals.
This report sets out the findings and recommendations of the Committee, and is intended as a practical reference for diet manufacturers and users of laboratory animals. It is intended to extend the work begun by the Laboratory Animal Science Association (Coates, O'Donoghue, Payne & Ward, 1969) and is concerned primarily with the requirements of rodents and lagomorphs, which together form about 85 % of the laboratory animal population of the United Kingdom (LAC, 1974) . The requirements of primates are comparatively little known; it therefore seemed useful to include recommendations for these species although our conclusions are more likely to require early revision for primates than for rodents. The dietary needs of farm stock kept for experimental purposes are likely to be met by the recommendations of the Agricultural Research Council (ARC, 1965 (ARC, , 1967 (ARC, , 1975 .
The whole subject of dog and cat diets is currently under review elsewhere and for the moment we would refer readers to Abrams (1962) , Ferrando (1971) , NRC (1972 NRC ( ,1974 and Gaines (1974) . The similarities between the requirements of the various common laboratory animal species are more striking than the differences. All require energy and a supply of proteins, carbohydrates, fats, minerals and micronutrients.
All require the diet to be presented in an acceptable form, and all need some protection from chemical and biological contaminants. Nevertheless, specific idiosyncrasies are important, especially in the laboratory where the animals' freedom of choice is usually strictly limited.
This report therefore deals first with generalities, and then with the special requirements of particular species. Discussion of the reasons underlying recommendations is kept to a minimum but references are provided for further consideration.
General considerations

Fixed-versus variable-forll/ula diets
The nutrient specifications of a diet can be achieved by various combinations of ingredients, and due consideration must be given to the purpose for which the diet is intended. There is the requirement of the research worker for all factors to be constant except the one under investigation: the diet should be unvarying in both nutrient density and raw material composition.
Then there is the need of the animal breeder to produce animals of good and consistent quality as economically as possible: there is no reason why the diet should LAC Diets Advisory Committee not vary in raw material composition.
Indeed, it must be remembered that even where strict consistency is sought, many of the ingredients of compounded diets, like all other biological materials, are subject to variations from season to season and between, and even within, sources. Where diets are subject to periodic reformulation in the interests of economy, due care must be taken to ensure that nutrient density is maintain~d despite the variation in ingredients.
On the other hand, the nutrient density of a fixed-formula diet can only be maintained by the selection of consignments of raw materials which fall within predetermined limits. However carefully these limits are set, it must be accepted that only a diet compounded from wholly synthetic or rigorously purified ingredients can be truly and reliably standard over an indefinite period.
Breeding and maintenance diets
The justification for giving a breeding colony a different diet from that provided for stock or experimental animals is the greater demand on the female during pregnancy and lactation, and on the young during the initial period of rapid growth. Provision to all stock of a diet suitable for breeding may be regarded as uneconomic or could lead to overgrowth and obesity. In addition, it has been shown that life is prolonged and the level of ageassociated degenerative disease decreased in animals where food intake is restricted, or where low-energy, low-protein diets are fed (Ross, 1959 (Ross, , 1961 (Ross, , 1972 Berg & Simms, 1960 , 196-1, 1965 Bras & Ross, 1964; Simms, 1967; Miller & Payne, 1968; Nolen, 1972; Ross & Bras, 1971 , of obvious importance in long-term feeding studies. Against this is the cost of marketing 2 diets where I would do, and the management problems that invariably arise from any increase in complexity of feeding regimes. In general, additional diets of a lower nutrient density are likely to be justifiable only for long-term experiments or on economic grounds for thos::: species that are used in large numbers.
Raw materials
To encourage consistency of manufacture, the raw materials selected should be generally available. A list of some suitable raw materials is given in Appendix L Adequate chemical analysis must be carried out on them to permit selection and formulation. Inspection should be made to ensure freedom from degeneration, infestation, contamination or other deleterious changes. Essential preparative processes for proteins must have been adequate but must not impair availability of amino acids (NRC, 1973) .
The feeding of 'fresh' foodstuffs, alone or as supplements to a compounded diet, should be avoided wherever possible. Apart from the microbiological risks (p. 9), these raw materials above all others are difficult to define, and almost impossible to standardize from place to place and time to time. They may on occasion be unavoidable as 'appctisers', but it should be remembered that, in general, their dilution effect on a balanced standard ration is likely to outweigh their own problematical nutritional contribution.
Physical form and acceptability
Little information is available on the effect of the form in which the food is offered on the performance of laboratory animals. Pelleting the diet facilitates feeding laboratory and farm animals and increases food intake (see review by Vanschoubroek, Coucke & Van Spaendonck, 1971 ), but little work has been done on the optimum physical characteristics of diet for each species.
For economy of labour as well as purchase cost the diet should be presented to the animal so that the best performance is achieved with the minimum wastage of food. The latter depends upon a variety of factors such as cage and hopper design, as well as the physical form of the diet. Wastage of cubed diets fed in overhead hoppers is increased if they arc soft, and their size in relation to the spacing of the bars or grids of the hopper is also important. Under these conditions expanded diets seem to reduce food wastage and may improve food conversion efficiency. Wastage is also reduced if the dietary materials are finely ground before pelleting, apparently because of particle size rather than as an indirect effect caused by a different pellet hardness (Ford, 1977) .
Nutritional considerations
The protein and energy contributing components are quantitatively the major constituents of a diet. They can be drawn from a wide rdnge of raw materials according to cost and availability, but their nutritional characteristics, the quantity and quality of protein and its ratio to energy, arc important considerations in formulating a diet.
Proteins and amino acids
No arbitrary requirement for protein can be given. Dietary protcins are the source of amino acids which an animal requires to build its own body proteins. Of about 20 amino acids found in the protein of most higher animals, some (described as 'non-essential') can be formed in ample amounts in the tissues. Others (the 'essential' amino acids) either are not formed at all, or not at a rate fast 3 enough to satisfy demand, and must be supplied in the diet. Protein synthesis in the tissues can only take place when all the requisite amino acids are present together.
They arc not stored for long periods, so that a relative inadequacy of one amino acid impairs utilization of the rest. Thus, the protein content of the diet should ideally contain all the essential amino acids in the correct proportions, and be readily digestible so that they are available to the animal. A 'target pattern' of essential amino acids likely to satisfy the rat and mouse was suggested by Coates, O'Donoghue, Payne & Ward (1969) . There seems little reason to modify these values (Table 1) , although since tyrosine can be formed from phenylalanine the requirement, like those for the sulphur-containing amino acids, may be considered as a sum of the two. However, tyrosine cannot be converted to phenylalanine nor cystine to methionine.
It has been suggested that about 60 % of the combined requirement for the first pair must be supplied as phenylalanine and 30% of the second as methionine (Rao, Norton & Johnson, 1961) . The same target pattern is probably satisfactory for all common laboratory mammals. Valine 5,5
The ideal amino acid pattern is unlikely to be wholly achieved in practice, certainly not with the protein in a single raw material, and a mixture of protein sources is usually chosen so that amino acid inadequacies in some may be partially compensated for by abundances in others. The protein sources in common use for laboratory animal diets are most likely to be low in sulphur-containing amino acids, a deficiency that can be overcome by addition of methionine, or one of its analogues such as hydroxymethionine.
To assess the essential amino acid content of a diet the amount of protein contributed by each component is calculated and the content of essential amino acids computed from a table of amino acid contents of foods (e.g. Appendix II, or Harvey, 1970) . The total quantity of each amino acid per gram of dietary protein is then calculated and the resulting figures compared with the target pattern.
In practice one or more of the essential amino acids is likely to fall short of the target level and in most cases the greatest deficiency will be that of the sulphur-containing amino acids, methionine and cystine. The effects of introducing new components, of altering the proportions of dietary constituents or of adding a pure amino acid can then be assessed by recalculation.
A perfect balance is unlikely to be achieved in practice except with very expensive formulations, and a reasonable compromise would be one in which the deficit below the target level was in no case greater than 20 %. The presence of amino acids in excess of the target level is not usually harmful; they will be used as a somewhat expensive source of energy.
The amount of protein required in a diet is influenced by its nutritional quality, which is determined not only by its amino acid make-up but also by its digestibility and the efficiency with which the products of digestion are utilised by the animal. Nutritional quality may be seriously impaired by treatment during processing, particularly by overheating, which can both destroy amino acids and lead to the formation of indigestible or otherwise unavailable complexes. One of the most vulnerable and easily measured constituents is lysine and, as a general rule, the proportion of available lysine is used as an indication of the extent to which processing has affected nutritional quality of a protein.
Energy sources
An animal expends energy to perform physical activities and to support the chemical reactions that sustain its bodily functions, including in homoiotherms the maintenance of body temperature. Energy is released in the course of biological oxidation of organic constituents of the diet, and the amount required depends on the extent of physical activity, body size, physiological status of the animal and, to some extent, environmental temperature. As for other nutrients, the requirement for energy is higher during pregnancy, lactation and periods of rapid growth. Overgenerous provision may lead to obesity.
The energy value to the consumer of a foodstuff is a function of its digestibility and chemical energy, and is usually described in terms of metabolizable energy (ME), which is measured biologically. The results obtained with one species of animal may not necessarily be applicable to all others, because of' interspecific differences in physiological characteristics and gut structure. Measurements of ME values .for laboratory animals have been made on only a very few dietary ingredients (Metta & Mitchell, 1954; Nelson, May & Miles, 1974; Rolls, Hegde & Coates, 1976) , and to help in formulating the LAC Diets Advisory Committee energy concentration of a diet, reference must perforce be made to published values for pigs or poultry. Some suitable values are included in Appendix II.
Carbohydrates constitute the major energy source in most diets for laboratory animals. Starches and sugars yield an ME of about 17 kJ/g (4 kcal), fats rather more than twice that value (38 kJ or 9 kcal). Although fat is not an essential nutrient (except as a source of essential fatty acids, (see p. 7) it facilitates absorption of the fat-soluble vitamins. All diets as commercially formulated contain natural fat but it is also recommended that some be included in semi-synthetic diets. Higher concentrations of fat can be used to increase the energy density of a diet. Amino acids yield roughly the same amount of ME as starch but since proteins are usually the most expensive ingredients of a diet their inclusion specifically as an energy source is uneconomic. Higher animals are not equipped to digest cellulose but some, notably the guinea-pig and rabbit, harbour cellulolytic bacteria in the lower gut and can, usually by coprophagy, utilize the products of their activity as a source of energy.
Energy requirements for maintenance are closely related to basal metabolic rate, which is a measure of the rate of energy metabolism under resting and fasting conditions during which the energy stores of the body are used to maintain life. Because food is converted to energy somewhat less efficiently than are the body stores, and because even confined and well-provided caged animals have some minimal needs to provide for physical activity, dietary energy requirements for maintenance are in practice about 50 % higher than the basal metabolic energy. However, basal metabolism and hence maintenance needs are not directly proportional to bodyweight, but rather to 'metabolic body size', i.e. bodyweight kg O· 75. When expressed in this way maintenance needs are essentially similar-of the order of 450 kJ/bodyweight kg O.75-over a range of animal species. This value has been used to compute the maintenance values given in Table  2 . Large amounts of energy are expended during synthesis of new tissue. In order to provide this energy, rapidly growing animals must consume sufficient food to provide about 4 times as much energy as does their basal metabolism.
This overall energy requirement varies with age and between fast and slow growing strains. Nevertheless, since requirements for maximal growth seem also to be related to metabolic body size (Yoshida, Harper & Elvehjem, 1957) the value of 1200 kJ/ bodyweight kg O· 7 5 has been used to estimate the energy requirements for growth given in Table 2 . Voluntary food consumption tends to rise slightly during gestation, and the values in the Table are based on a 30 % increment above maintenance, i.e. Table 2 . Energy requirements of animals BodYlI'eight (kg) 0·010 0,025 0,050 0,075 0,100 0·25 0·50 0'75 1·00 2·50 5,00 7,50 10,00 25·00 50,00 75·00 100,00 Lactation imposes very heavy demands for energy, and requirements rise to levels somewhat higher than those for rapid growth. The average daily output of energy in the milk of animals, ranging in size from rats to cows, has been shown to be 520 kJ/bodyweight kg O· 7 5 (Brody, ]945). Assumption of 60% efficiency in the secretion of energy in milk results in a requirement of 850 kJf bodyweight kg O· 75 for milk production alone.
Addition of the maintenance requirement (450 kJ/bodyweight kg 0.75) gives a value of 1300 kJj bodyweight kg O· 7 5 which has been used to estimate energy requirements for lactation given in the Table. It must be emphasized that all these estimates assume a minimal expenditure of energy for physical activity, and are not applicable to animals of which any sustained work output is expected. Further, no extra heat generation to compensate for lowenvironmental temperature is allowed for, it being assumed that animals are housed under the conditions of thermal comfort or thermal neutrality appropriate for each species.
Protein: energy ratio
Within broad limits most anima.ls allowed un-.limited access to their food will eat to satisfy their energy requirement.
Thus, the quantitative intake of a high energy diet is likely to be less than that of a diet with a low energy content; it follows that the intake of the other ingredients will be proportionately less, and care mllst be taken to ensure that their concentration is increased so that the amounts ingested do not fall below the optimal requirements. This consideration is particularly important when deciding the desirable protein content of a diet. If the ratio of energy to protein is too high the animal cannot satisfy its amino acid requirements and will not achieve its full potential of growth or reproduction.
Conversely, if the ratio is too low amino acids will be utilized as an uneconomic form of dietary energy.
There is little definitive evidence on what energy to protein ratios are best for the attainment of particular ends, such as minimal outlay, fast growth, avoidance of obesity, longevity, reproductive performance and so forth, and it is perhaps unlikely that these optima could be achieved by one diet formulation.
A value of 75,3 kJ (18'0 kcal) to 1 g crude protein has been suggested for optimum reproduction in the rat based on semisynthetic diets (Guzy & Rapp, .1975 ) and this is in broad agreement with the 25 % ratio of protein energy to the total (metabolizable) energy (67'8 kJfg protein) suggested by Coates, O'Donoghue, Payne & Ward (1969) on the basis of the work of Goettsch (1960) and Payne (1967) . It should be stressed that these levels will only be acceptable if the protein contains as nearly as possible the correct proportions of essential amino acids.
It appears that similar ratios apply to other species, e.g. rabbits (see pp. 17-.18).
Maintenance requirements for protein in relation to energy are much lower than those described above for production and growth. Levels of an ideal protein recommended by Payne (1967) and NRC (1972) are equivalent to about 252 kJ/g protein or 5 % of the total (metabolizable) energy as protein.
[n practice satisfactory maintenance diets of natural ingredients could be formulated containing smaller amounts of protein than in production diets, providing adequate quantities of the essential amino acids were incorporated.
Vitamins and other accessory food factors
The allowances of vitamins recommended for particu]ar species include a margin of safety to cover possible decomposition during manufacture and storage. They are intended as supplements to diets of animals maintained under conventional conditions of husbandry.
The fat-soluble vitamins A, D, E and K are stored in the animals' tissues and the required amounts could safely be given at intervals of, say, a week. The water-soluble vitamins Band C are not well stored (with the exception of vitamin B 12) and should be administered by reinforcement of the diet or as daily supplements. Circumstances in which deviation from the recommended amounts is desirable, or special points to be taken into account regarding individual vitamins, are discussed below.
Vitamin A activity is shared by a number of compounds and is measured in terms of 'retinol equivalents': 1 i.u. vitamin A activity is contained in O' 3 lg retinol (vitamin A alcohol) or 0,344 I1g retinyl acetate. Its provitamins, certain carotenoid pigments which occur in plant products such as green leaves and yellow maize, are converted to vitamin A in the animal body. The cat is exceptional since the mechanism for conversion is virtually absent (Rea & Drummond, 1932; Gershoff, Andrus, Hegsted & Lentini, 1957) . The most active precursor is p-carotene, which theoretically has half the biologica] potency of vitamin A, weight for weight. However, its conversion is seldom very efficient; a value of 1/6 is probably a more realistic estimate, and the contribution made by dietary carotenoids to the requirements of laboratory animals should be ignored. Supplementation is best made in the form of 'stabilised' vitamin A preparations and dry powders in which the vitamin is dispersed in a protective vehicle. Unprotected fish liver oils are not recommended for this purpose as their high content of polyunsaturated fatty acids and absence of antioxidant substances makes them susceptible to the development of rancidity, with consequent destruction of vitamins A and E. In large doses vitamin A can be harmful, but only in amounts far in excess of norma] requirements (Deuel, ] 957). One argument against the practice LAC Diets Advisory Committee of feeding raw liver to laboratory animals is that its high content of vitamin A could lead to overdosage. Skeletal fractures and severe haemorrhages have been observed in rats given doses of the order of 9-15 mg retinol equivalent (30 000-50 000 i.u.) daily (Moore & Wang, 1945) . Similarly, massive doses during pregnancy affect foetuses, resulting in resorption or congenital malformations (Cohlan, 1953) . Overdosage with carotenoids leads to discoloration of the skin, but there are no toxic effects because the ability of an animal to convert carotene to vitamin A is limited.
Vitamin D occurs in animal tissues, particularly in the liver, in the form of cholecalciferol (vitamin D 3). Precursors in the superficial tissues are converted to vitamin 0 on exposure to ultraviolet radiation. I i.u. vitamin 0 activity is contained in 25ng cholecalciferol.
Ergocalciferol (vitamin 02), formed on irradiation of certain plant sterols, is biologically as active as cholecalciferol for most mammals but is very inefficiently used by birds and New World primates (Remp & Marshall, 1938 ; McChesney, 1943; Hunt, Garcia & Hegsted, 1967; Lehner, Bullock, Clarkson & Lofland, 1967) .
Given an adequate intake of calcium and phosphorus in optimal ratio, rats, mice, guinea-pigs, rabbits and cats do not require a dietary source of vitamin D. It is, however, customary to give a supplement of the vitamin to allow for variations in calcium and phosphorus intake and availability. If vitamin D-depleted animals are required for experimental purposes care should be taken to limit the amount in the diet of the mother since there is a significant carry-over of vitamin D from parent to offspring.
In excess, vitamin D can cause bone resorption, skeletal abnormalities and fractures. Rats given doses of 17·5 I1g (700 i.u.) daily showed gross toxic effects (Deuel, 1957) but it is possible that even lower amounts may be dangerous if given over extended periods.
Vitamin E activity (I i.u. is supplied by 1·1 mg DL-a-tocopherol acetate) is shown by a number of naturally-occuring tocopherols, of which a-tocophero] is the most potent. Although its biological functions are not precisely understood it is apparent that vitamin E is concerned in several metabolic reactions. The very varied effects of its deficiency differ from one species of animal to another, and some of its functions are influenced or even duplicated by other constituents of the diet (Brubacher & Wiss, ] 972).
The tocopherols have antioxidant properties which are important in protecting other readily oxidisable constituents of the diet. Vitamin E deficiency develops more rapidly, and the nutritional requirement increases, with increasing dietary levels of polyunsaturated fatty acids (Dam, Granados & Prange, 1949; Weber, Weiser & Wiss, 1964) . Conversely, certain synthetic antioxidants, such as DPPD (N,N!-diphenyl-p-phenylene diamine) reduce the need for vitamin E and protect against some signs of deficiency, for example, reproductive disorders in the rat and encephalomalacia in the chick (Bunnell, Matterson, Singsen, Potter, Kozeff & Jungherr, 1955; Dam, 1957; Crider, Alaupovic & Johnson, 1961) . However, the earlier held view that the biological activity of vitamin E depended upon its antioxidant role in vivo is no longer accepted.
There is also an interrelationship between vitamin E and selenium. Supplements of selenium (in the form of selenites) can prevent or cure the liver necrosis in the rat or pig and the exudative diathesis in the chick which are manifestations of deprivation of vitamin E. Selenium is, however, ineffective against testicular and embryonic degeneration in the rat and against chick encephalomalacia (Schwarz, 1962) .
The sulphur-containing amino acids have a sparing effect on the vitamin E requirement in some circumstances, and give at least partial protection against liver necrosis and exudative diathesis. They have been shown to protect against muscular dystrophy due to vitamin E deprivation in the chick but not to do so in the rabbit, guinea-pig, mouse or mink.
While at normal levels in the diet vitamin E protects vitamin A (Davies & Moore, 1941) , extending its storage in the liver, antagonism has been observed between these vitamins. In high amounts vitamin A and the carotenoids may act similarly to polyunsaturated fatty acids in decreasing the body stores of vitamin E (Edwin, Bunyan, Green & Diplock, 1962) although other work failed to confirm this (Green, Muthy, Diplock, Bunyan, Cawthorne & Murrell,1967) .
It is clear that no categorical statement can be made concerning an animal's requirement for vitamin E without taking into account the other constituents of the diet. Recommended levels of a-tocopherol are those that have been found satisfactory in practice using diets of natural ingredients. They are likely to be too low where diets contain large quantities of polyunsaturated fatty acids. In several species of animal it has been estimated that an increase of approximately I i.u. vitamin E activity is required for every 0,6 g increase in polyunsaturated fatty acids (Harris & Embree, 1963) .
Vitamin K exists in several natural and synthetic forms, with different biological potencies. The compound known as vitamin K 1 (phylloquinone) occurs 7 in plants, particularly green leaves. The synthetic vitamin K3 (menaphthone)
is less expensive and has the advantage that it forms water-soluble complexes with, for example, sodium bisulphite or sodium diphosphate.
The biological activity of I mg vitamin K I is equivalent to that of 0'73 mg menaphthone sodium bisulphite or 0'38 mg menaphthone.
Factors influencing the utilization and requirements of vitamin K have been reviewed by Hacking & Lane-Petter (1968) . Synthesis by microorganisms occurs in the gut, and coprophagous animals may obtain a significant proportion of their requirements by this means (Barnes & Fiala, 1958) . Where coprophagy is prevented, in germ-free or specifiedpathogen-free environments, or where the gut microflora may otherwise be limited, higher dietary levels of vitamin K may be needed to make up for a reduction in the amount of the bacterially synthesized vitamin available. In germ-free conditions vitamin K I is more effective than menaphthone in preventing the effects of deficiency (Gustafsson, Daft, McDaniel, Smith & Fitzgerald, 1962) . Vitamin K3 is toxic in large doses, the LD 5 0 for mice of menaphthone compounds being between 200 and 800 mg/kg bodyweight. Vitamin K I, however, was not harmful even at doses up to 25 g/kg bodyweight (Owen, 197\) .
Essential fatty acids (EF A).
There is no evidence for dietary requirements for lipids except to aid absorption of fat-soluble vitamins and a source of EFA, fatty acids of the linoleic and linolenic series. Linoleic and linolenic acids themselves occur abundantly in vegetable oils as products of biosynthesis from simpler compounds.
Arachidonic acid, which is the most active EFA in animal metabolism, cannot be synthesized de novo but is formed in the tissues from linoleate. Dietary requirements of EFA are therefore usually stated in terms of linoleate. An amount equivalent to 1-2 % of the dietary energy (roughly 5-10 g Iinoleate/kg in a diet supplying 16'75 MJ/kg) has been found adequate for several animal species (e.g. rats-Holman, 1960; guinea-pigs-Reid, Bieri, Plack & Andrews, \964; primates- Greenberg, 1970; Portman, 1970) . Since this amount is generally achieved in diets containing 40 g fat/kg it is unlikely that a dietary deficiency of EFA will be experienced in practice.
There is recent evidence from long-term experiments with mice, rats and primates that EFA of the linolenic series have physiological importance themselves (Rivers & Davidson, 1974; Fiennes, Sinclair & Crawford, 1973) . It is recommended therefore that semisynthetic diets should contain sources of both fatty acid series, such as soya-bean oil.
The vitamin B complex includes thiamin (vitamin Bj), riboflavin (vitamin B2), niacin, pyridoxine (vitamin B6), pantothenic acid, folic acid (pteroylmonoglutamic acid), biotin and cobalamin (vitamin B12)' They are all synthesized by microbial action in the gut, and coprophagous animals obtain most of their requirements in this way. They are also present in cereals, so that supplementation of the laboratory animal diets currently in use is hardly necessary. Certainly no additions of folic acid or biotin need to be made. However, diets for most species of laboratory animals contain supplementary vitamins of the B complex added to insure against unforeseen circumstances. In purified diets, particularly for long-term experiments, the amounts of B vitamins recommended for rats and mice by Coates, O'Donoghue, Payne & Ward (1969) should be adequate for most small laboratory animals. Where microbial synthesis is limited or absent, as in specified-pathogen-free or germ-free animals, the addition of folic acid and biotin at the rate of about 1 mg/kg diet is advisable.
Since thiamin is closely concerned in the metabolism of glucose, the requirement is related to the carbohydrate content of the diet (Yudkin, 1951) . Where a high proportion of the energy is supplied as fat, the requirement by the animal will be less. Riboflavin is also involved in the metabolism of energy, and its requirement has been said to increase as the dietary energy increases (Bro-Rasmussen, 1958) . A minimum requirement for all species of 0,17-0,19 mg/MJ (0,7-0,8 mg/Mcal) was put forward by this author.
Large amounts of niacin are present in cereals, but as much of it is bound and unavailable to the animal, a supplement of the order of 50 mg/kg diet is a worthwhile precaution. Niacin is formed in the tissues of several species from tryptophan. Although excess niacin cannot make good a lack of tryptophan, amounts of tryptophan over the basic requirement can reduce the animals' need for dietary niacin (Hundley, 1954; Reid, 1961) . Cats are apparently unable to carry out this conversion (Da Silva, Fried & de Angelis, 1952; Braham, Villarreal & Bressani, 1962) .
Choline is present in considerable amounts in the raw materials used for diets of natural ingredients, and no addition is necessary. It is recommended that about 1 g choline/kg be added to purified diets.
Inositol is derived from synthesis by the gut microflora and in the animals' own tissues. Supplementation of commercial diets is unnecessary, although it is occasionally added to purified diets at the rate of 0,1-1,0 g/kg.
Vitamin C (ascorbic acid) is not needed in the diet LAC Diets Advisory Committee of most small laboratory species with the notable exception of the guinea-pig and primates (pp. 17 and 20) .
Minerals
The essential inorganic elements or minerals provided by an animal's diet fall into 3 functional groups. First, the electrolytes sodium, potassium, calcium, magnesium, chloride and phosphate concerned with the ionic and osmotic balance between cells, tissue fluids and plasma. Second, minerals concerned in skeletal structure, mainly calcium and phosphates, which are needed in considerable quantities during growth and lactation. Third, minor and trace elements including iron, copper, zinc, magnesium, iodine, cobalt and manganese, which take part in intracellular metabolic processes as metalloprotein complexes and co-enzymes.
Attention has been drawn to the paucity of information in the papers of many authors concerning mineral constituents used in diets (Williams & Briggs, 1963; Greenfield & Briggs, 1971 ). Furthermore, it has been shown that many of the mineral mixtures used were inadequate in one or more constitutent. To rectify these defects analytical data on batches of commercial diets are necessary, and a much closer attention given to the mineral mixtures used in compounding semipurified and purified diets in the laboratory to ensure supplies which are adequate, according to the species and age of the animal concerned. In practice, samples of control and experimental diets ought to be monitored spectrophotometrically after they have been compounded.
Levels of electrolytes and skeletal minerals are very precisely controlled within the animal's tissues by homeostatic mechanisms, and comparatively wide variations in dietary intake are tolerated provided that intestinal and kidney functions are nor-ma\. It should be borne in mind, however, that such variations may affect other minerals, for example, alteration in calcium: phophorus ratio may affect magnesium requirements. Homeostatic control is less effective for minor and trace elements, and either deficiencies or excessive toxic intakes, especially of heavy metals, can be achieved accidentally.
Some minerals may be unavailable under certain circumstances, for example, calcium and zinc may form complexes with phytate so that they cannot be absorbed, while up to 80 % of the iodine in the form of iodide is available compared with only 50 % of that in iodate. In addition, phosphorus present as phytate will not be readily available to the animal, and it should be ensured that an available source of the mineral, such as fish meal or an inorganic phosphate, is present. The quantities of minerals recommended for each species in subsequent sections are selected as being practically obtainable in commercial diets. Several of these levels are therefore considerably in excess of those suggested by Coates, O'Donoghue, Payne & Ward (1969) , whose recommendations (magnesium 500 mgfkg, iron 50 mg/kg and chlorine 500 mg/kg) should be adequate for purified diets for rats and mice.
The present recommendations refer to total amounts in the diet, and the quantities to be added, if any, will thus depend on the minerals associated with the raw materials from which the diet has been compounded.
For example, sufficient of the trace elements boron, fluorine, molybdenum and selenium usually occur in diets of natural ingredients. The elements to be added may be supplied in various combinations of salts but care should be taken to ensure that all the elements contributed by the individual salts are included in the calculation; allowance should be made for water of crystallization.
Toxic levels of minerals can be introduced into the diet as contaminants. WHO (1972 WHO ( , 1973 has made recommendations of maximum tolerable daily intakes of lead, cadmium and mercury for humans but no other species have been studied in this way. However, it is suggested that suitable maxima, based on knowledge of their toxicity (Underwood, 1973; Ammerman, Fick, Hansard & Miller, 1973) , limits of analytical sensitivity and known levels of those substances commonly found in foodstuffs, are lead 2'0, cadmium 0'5, and mercury 0.2 mgfkg diet.
Fib/'e
Fibre is poorly digested by most laboratory species and has very little direct contribution to the nutrition of the animal, although in some digestion by microorganisms in the large intestine and caecum to yield volatile fatty acids may contribute to the energy demands of the animal (Parker, 1976) . A more important function is maintaining the physical properties of the digesta, enabling efficient digestion and a satisfactory rate of transit through the intestine.
Wale/'
Water should be freely available at all times. Care should be taken to ensure freedom from pathogens, and it is better to take supplies (if permitted) direct from mains rather than from storage tanks. It should be recognised that the mineral composition of water differs according to the geological formation from which it is drawn. The type of piping used should also be considered, particularly in soft water areas 9 where lead and even copper pipes should be avoided.
Excessively hard water has on occasion been associated with kidney stones in some strains of animals, and the amount of calcium in water can be sufficient to prevent calcium deficiency. In other areas high levels of manganese, iron or fluorine may lead to toxicity problems.
Microbiological standards
There seems no reason to disagree with the arguments put forward by the Laboratory Animal Science Association's Nutrition Study Group for diets for laboratory rats and mice (Coates, O'Donoghue, Payne & Ward, 1969) , or to modify their proposed standards. With permission that text is reprinted with amendments proposed by the Advisory Committee to extend the relevance of the standards to a wider range of laboratory animals. Contamination by microorganisms, helminths, arthropods and fungi of the food offered to laboratory animals may cause disease both in breeding colonies and in animals under experiment, and cause degeneration of the diet itself. Unless a wholly synthetic diet is prepared there is no practicable possibility of ensuring the sterility of the ingredients of a diet or of ruling out contamination during its compounding.
Indeed, the raw materials that are commonly used in the preparation of animal foodstuffs frequently have a high bacterial count: a meal-mix prior to pelleting or cubing may contain as many as 107 organisms per gram. Materials of animal origin may be particularly suspect as sources of pathogens, a problem that can become acute when selecting diets for laboratory carnivores.
The feeding of fresh supplements is fraught with hazards, again more particularly if these supplements are of animal origin, and should be avoided wherever possible. If it is found impossible to avoid fresh vegetable supplements the only ways of minimising concomitant microbiological risks are those normally associated with the preparation of salads or fruit for the table, such as washing in fresh water and removal of skins and outer leaves.
Ideally, diets fed to laboratory animals should be sterile (entirely free from all living organisms), but unfortunately the process of sterilizing a diet necessarily increases the price. Economics dictate that the approach to full sterility must be justified in terms of the value of the animals at risk, and the nature and degree of that risk. However, with the marked increase in the basic cost of diets and as more attention is paid to (and more money spent on) nutritional and microbiological monitoring, and on careful packing, handling and storage in order to avoid contamination subsequent to compounding, it is probable that the additional cost of the sterilization process itself will become less significant. Diets for gnotobiotic animals must be sterile, and it is desirable that specified-pat hogen-free animals should also be offered nothing but sterilized food. On the other hand, where sterilization would be very costly it might be decided that there is little point in going to such expense for conventional stock; essentially what such animals require is not the absence of all life forms from their food but the absence of pests, parasites and pathogens. Limits are therefore suggested for the numbers and types of microbiological contaminants that can be tolerated. The processes necessary to achieve these more modest microbiological standards are relatively cheap and simple and may be achieved by the use of steam, for example, before pelleting or during expansion processing. There is a bonus in that they are less likely to cause deleterious alteration in the diet (p. 13).
While there is nothing sacros:lI1ct about the limit proposed for total viable organisms in the diet, it does seem to be achievable by the employment of reasonable care at all stages of harvesting, compounding, transport and storage. Thus a low count is generally indicative of a manufacturing history of good commercial practice. It also seems reasonable to assume that risks are likely to rise in proportion to the gross level of microbiological organisms, and that if a diet is very heavily contaminated there is no reason to suppose that pathogens will have been selectively excluded.
In our view the microbiological standards proposed by the Laboratory Animal Science Association for rats and mice are properly applicable to other common laboratory animals. However, diets containing large amounts of animal protein, more especially bone or bone products, run an increased risk of containing also Bacillus anthracis. Where possible efforts should be made to ensure that such raw materials are never obtained from countries where anthrax is common, although this is often not practicable. Because of the technical difficulties associated with the differential demonstration of Bacillus anthracis when associated with the other spore-forming bacteria which are usually present in foodstuffs, specific tests are not suggested. Neither are specific tests for Clostridium botulinum proposed, mainly because of the technical difficulties of demonstrating this organism, but also because no clear association with constituents of laboratory animal diets has yet been shown. Both risks are remote, but the possibility of a diet containing either of these pathogens must be weighed against the cost of sterilization, or of alternative sources of suitable raw materials.
Salmonellae (Salmonella serotypes) should be absent, presumptive coliforms should not exceed LAC Diets Advisory Committee 10 per gram of diet, and the count of total viable organisms should not exceed 5000 per gram (all counts based on multiple samples of the diet as packed). Special care should be taken to eliminate entirely Esherichia coli type 1 (indole and methyl red positive, Voges Proskauer and citrate negative). The number of coliforms present is probably a good indication of the antimicrobial effectiveness of heat treatment of the diet, especially when taken in conjunction with the total count of viable organisms. It is almost certain that the pathogens of importance to laboratory animals will have been destroyed in diets in which Esherichia coli type I is no longer present. Treatment by heat which achieves such results is also likely to ensure that no insect, mite or helminth eggs, protozoa, or non-sporeforming bacteria survive, and it is among these organisms that are found all the common pests and pathogens of laboratory animals. However, some fungal spores appear to be more resistant to heat and may subsequently become active in the diet.
Coliforms are peculiarly sensitive to irradiation and their absence from irradiated diet does not necessarily have the same implication of the absence of other organisms that it does in a heat-treated diet. For a similar qualitative marker for irradiated diets the inactivation of all non-spore-forming bacteria should be considered. Diets meeting that standard would also, of course, normally show a markedly lower count of total viable organisms as well as being free from all common pests and pathogens.
In the commercial production of cubed and pelleted diets, steam is injected into the meal immediately before it is forced under pressure through the metal dies from which it emerges as a rod which is then broken into the pellets or cubes. The combined effect of the steam and pressure is to raise the temperature of the food material in the die to about 75-80°C. At this temperature there is roughly a thousandfold reduction in the total bacterial count when diets may well attain the standard recommended. Special care must be taken to avoid recontamination of the clean food during subsequent processing, packing and distribution. This is favoured by pelleting, packing and storing the compounded diet in an area of the mill which is physically separated from other areas where raw materials are admitted, stored and mixed. Even where manufacturing standards are satisfactory, careful examination of the package for damage during transport must be made and any damaged package rejected. Further precautions should be taken after receipt, including careful handling and storage, to ensure that the food is not contaminated before use even when the package appears to be intact.
L:tboratory animal dietary standards
Sa:npling prucedures
Ideally, an average sample of each batch of diet produced is obtained by random choice of 4 unit bags from each tonne produced. An initial sample of 200 g of contents is withdrawn from each bag. These are mixed thoroughly and from the bulk a final sample of 100 g is taken for examination. However, as this degree of thoroughness may be impracticable, it is proposed as a minimum requirement that a sample of not less than 100 g of diet is withdrawn aseptically from a randomly-selected unit bag into a sterile container immediately before the bag is sealed, or after reopening it with suitable precautions. The unit bag is to be representative of a manufactured batch of I tonne, or of e:lch tonne of a larger batch.
Approximately 20 g of this sample is weighed accurately into the sterile container of a mechanical blender. To soften the pellets or cubes, 200 ml. of sterile water contailling 0·1 % peptone is added aseptically and the diet allowed to soak at room t\:mperature for 15 min. It is not usually necessary to employ a fat disp~rsant for laboratory animal diets, but if it proves unavoidable I % of a suitable detergent, such as 'Tergitol' or 'Tween 80' can be added to the p::ptone water. It is then blended to form a homogenous suspension, and this is left to stand for 15 min so that larger particles can settle out. Procedures for counting total viable and coliform organisms are performed immediately after the settling period. The supernatant and dilutions of it must not be stored as this could lead to error due to bacterial multiplication.
It is assumed that the following tests will be carried out by someone familiar with microbiological techniques, who will have access to standard textbooks and a knowledge of routine procedures. Suitable media can be obtained as standard items from commercial suppliers, and those specified here are not intended to be exclusive. For example, any suitable fully-nutrient medium could be used for the count of total viable organisms. Where alternative methods are adopted (e.g. IUPAC, 1974) they should be specified.
Estimation of total viable organisms at 37°C
From the supernatant, 0'1 m] is dropped on the surface of each of 3 dry plates of plate-count tryptone-glucose-yeast agar. The supernatant is spread over the surface of the plate with a sterile glass or wire spreader and allowed to dry. From the tenfold dilution of the supernatant with sterile 0·1 % aqueous peptone, 3 further plates are prepared in the same way. The plates are incubated for 18 hours at 37"C.
In order to differentiate between bacterial colonies II and particles of diet, the plates may be flooded with 1-2 ml of I % aqueous 2, 3, 5-triphenyl tetrazolium chloride solution, and then re-incubated for a further 30 min in the dark. For the present purpose, it is assumed that all bacteria] colonies reduce the dye and display a red coloration. These colonies are counted, choosing the 3 plates of the dilution giving about 50-300 colonies per plate. The count from the 3 plates is averag;:d and the total count is expressed as the number of organisms ner gram of the original (dry) sample of diet.
There should be not more than 5000 tetrazoliumpositive organisms per gram of diet.
Number of presllmptive coliform organisll/s
Of the tenfold dilution of the supernatant, 1 ml is added to each of the 10 tubes each containing 5 ml of MacConkey bile salt-lactose-peptone neutral red broth. Each tube of broth contains a Durham tube. The tubes are incubated at 37"C for 48 hours. The presence of presumptive coliform organisms is shown by the appearance in the medium of acid and gas. The gas produced must be sufficient to fill the concavity of the Durham tube. Any lesser quantity is regarded as a negative response.
If none of the 10 tubes incubated shows this change, the original diet contains less than 10 presumptive coli forms per gram. Should any tubes give a positive reaction, a differential coliform test, such as that using brilliant green bile broth (Windle Taylor, 1958) should then be undertaken to establish the presence or absence of Escherichia coli type 1.
It is desirable that not more than 10 presumptive coliform organisms per gram of diet be present, and essential that Esherichia coli type 1 be absent.
Screening test fur salmonellae
A sample of about 25 g of diet is weighed into each of 4 jars, each of which contains 150 ml of selenite broth. After standing for 15 min to soften, the pellets are homogenised in the solution and are then incubated at 37°C, being subcultured at 24 and 48 hours on to plates of desoxycholatc-citrate agar (Hynes, 1942) and bismuth sulphite agar (Cook, 1952) . The subcultures are incubated at 37°C and examined after 24 hours. Specimens from the surface of suspect colonies on both kinds of plate are further subcultured on to Kohn's 2-tube medium (Kohn, 1954; Gillies, 1956 ) and lysine decarboxylase broth (Falkow, 1958) .
Any organisms resembling Salmonella biochemically should then be tested serologically by slide agglutination, and if they again show characteristics of Salmol/ella, they must be submitted to a reference laboratory for confirmation and serotyping. Cultures with typical biochemical or serological characteristics should be checked for purity and for ability to ferment lactose by culture on MacConkey agar. In general, at least 2 atypical reactions should be obtained before a culture is discarded. Salmonellae must be absent from the diet.
Non-nutritive additives and contaminants
Reports to and regulations issued by the U.K. Minister of Agriculture, Fisheries and Food set out certain permitted additives and acceptable levels of some contaminants of human food, and an attempt has been made to relate these to laboratory animal diets. In general, for the highest grade of animal diets the recommendations for human foods should be followed although it must be realised that the cost of monitoring may be high. However, some acceptable additives for human diets may not be suitable for the caged experimental animal. Additives to diets should be avoided unless absolutely essential, for example binding materials, when their presence should be clearly specified. Accidental contamination should be minimised by attention to conditions of growth, processing and storage of raw materials, manufacture and storage of compounded diets. For example, contamination by mineral hydrocarbons, lubricants and so forth, from mixing machinery is minimised by discarding the first part of each day's production, which should also ensure removal of any residues of previous production. Pesticide residues in foodstuffs can also be minimised by good fanning practice, i.e. controlled use of insecticides and fungicides. In this connection the reduction in the level of organochlorine pesticides (Appendix IV) in foodstuffs over the past 5 years is to be welcomed, a trend which is reflected in recent reports by Sekiguchi, Morita, Akimoto & Oshima (1975) and Udes (1975) . It is recommended that batch analysis of cereal raw materials should be done to identify occasional consignments containing high benzene hexachloride levels due to treatment during storage or transport. It would also benefit those investigating liver metabolism to seek analysis of their diets, as some pesticide residues will stimulate microsomal enzymes.
Antibiotics, freezants, colouring and flavouring materials should not be added to diets. If their use cannot be avoided they should only be used after consideration of their effect on the animal.
Antioxidants are widely used to improve the stability of dietary fats; in their absence fats exposed to air, especially during heat treatment or storage, become rancid and therefore may be toxic and unacceptable. Relatively large doses of the LAC Diets Advisory Committee natural antioxidants ascorbic acid and a-tocopherol have been shown to be without toxic effect on animals, but amounts in excess of 0·2 % of the dry weight of the diet of the widely-used butylated hydroxy toluene (BHT) can reduce growth rate and cause a relative increase both in liver weight and the concentration of some microsomal enzymes in rats. Butylated hydroxyanisole appears to be less toxic but is much more expensive. Gallates may affect reproduction and should be avoided. All known investigations into the biochemical and toxicological effects of antioxidants on animals are reported in WHO (1974) . Emulsifiers and stabilizers are generally acceptable with the exception of carrageenan, ghatti, guar, modified starches and citroglycerides. Acacia, karaya, tragacanth, carob, alginic acid and alginate should be avoided ifpossible.
It may sometimes be desirable to add binders during processing to produce firm cubes. Molasses is not recommended due to the difficulty of accurate addition, even mixing and reliable determination;
if it is used it should not exceed 2'5 % of the total diet. Carboxymethyl cellulose can be recommended, and clay binders are also considered acceptable despite the tendency for adsorption of vitamins on to the clay particles: these colloidal binders tend to be costly. Lignosulphonate and sulphite lye materials may be involved in colonic ulceration (Watt & Marcus, 1974) ; magnesium lignosulphonate appeared to have less deleterious effect than either the sodium or calcium salts (Watt & Marcus, 1976) .
Under certain circumstances preservatives are desirable. Benzoic acid is not recommended due to its toxicity for certain species, particularly cats (Bedford & Clarke, 1971 , nor in sulphur 'dioxide, which has been shown to accelerate decomposition of thiamin (Hermus, 1969) . Formaldehyde probably reduces protein quality and should be avoided, as should nitrates and nitrites which can be both toxic per se, and also may combine with amines in the gastrointestinal tract and form carcinogenic nitrosamines (see reviews by Fassett, 1973; Miller, 1973) . Nitrates are sometimes used to preserve fish where they are caught a great distance from the factory, but the use of only home-produced white-fish meal should ensure their absence. Other substances which have been used in the food industry and are not recommended are diphenyl, heptyl-p-hydroxybenzoate, o-phenylphenol sorbic acid, diethyl pyrocarbonate, and o-phenyl o-phenol esters.
Conditions of manufacture, packing, transport and storage
Conditions of manufacture will tend to be governed by factors other than thc requirements of the purchasers of laboratory animal diets. Mills manufacturing these diets should be as free as practicable from rodent and bird life. Indeed, faecal contamination should be kept as low as possible from the harvesting of raw materials onwards, but it becomes particularly important once the diet has been pelleted. During processing the treatments likely to damage the nutrient quality of a diet are exposure to light, air, heat, chemica] fumigants and radiation.
Light
The most photo labile ingredients of diets are ribo-!lavin, folic acid and vitamin B 12. In natural foodstuffs they are usually protected within grains or coarse particles. Diets, expecially experimental diets of more refined ingredients, are often supplemented with pure vitamins. Exposure to strong light could result in losses, especially of riboflavin.
Ail'
Oxidative changes can occur in dietary components during vigorous mixing or on drying in a stream of air. Vitamin A is specially liable to oxidation, particularly in the presence of rancid fats. Retinyl esters are considerably more stable than free retinol. Use of the dry 'stabilized' preparations is recommended. Alternatively, an antioxidant should be incorporated into the oily component of the diet. The tocopherols present in natural oils and fats, themselves subject to destruction by atmospheric oxygen, act as antioxidants. However, a-tocopheryl acetate is not readily oxidised, nor does it act as an antioxidant.
Heat
Application of heat, whether dry or by steam for sterilization, pasteurization or pelleting, usually results in some nutrient destruction by favouring oxidative and other chemical changes. The usual result is loss or reduced availability of nutrients and, possibly, formation of toxins or anti nutrients ; exceptionally, heat treatment may be beneficial, for instance by destroying toxins as in soya or rapeseed meals (see review by Coates, ]969). A temperature of about 80 D e is applied in the process of pasteurization and may also be attained when steam is injected into a diet in the course of pelleting. Such mild heat does little harm, but when diets are cooked or sterilized by heat, the damage done increases with the temperature and duration of treatment (Udes & Hiller, 1973) .
The nutritive value of proteins can be severely impaired by heat (Eggum, 1969; Schoen & Hiller, 197] ; Udes, Hiller & Juhr, 1971; Ford, ]976 ). Some of the constituent amino acids may be destroyed or form bonds within the protein or with 13 the fats or carbohydrates in the diet, making the protein resistant to digestion. All amino acids can be damaged by heat. Most vitamins are liab]e to destruction by heat, particularly ascorbic acid, thiamin, pyridoxine and vitamin A (see Zimmerman & Wostmann, 1963) , more so in purified diets than in natural materials. Some of the vitamin B complex have been shown to be more stable to moist than to dry heat (Zimmerman & Wostmann, 1963) , but this finding may not be applicable in all circumstances.
In addition to damaging its nutrient quality, heat may adversely affect the physical nature of a diet. For example, pellets may disintegrate, or become excessively hard, or clump together, odours or flavours may reduce palatability, and there may be an increased tendency for mould growth if the treatment has not been sufficient to kill fungal spores. These adverse effects can be foreseen and possible nutritional deficiencies can be prevented by supplementing the diet appropriately before processing. Supplementation is, however, limited by the possibility of overdosage or imbalance of the diet, especially when major ingredients are involved.
Additives may be included to prevent or reduce oxidation, unpalatability or mould growth. Pellets can be treated to overcome physical disintegration (p. ] 2). Clumping of pellets can be reduced by high-vacuum autoclaves, thinly spreading diets in trays, and dusting with such powders as talc or silicon dioxide. Commercial diets treated and supplemented to withstand adverse effects of processing are available but, in view of the great variety of processes, it is advisable that any form of special supplementation should be quantified.
Fumigation
In any fumigation process thorough removal of all traces of the fumigant is essential. The danger from toxic residues in the diet is probably greater than that of nutrient destruction. Fumigation with ethylene oxide is occasionally used for sterilization of diets, and diets treated in this way should be cxposed to frce air for at least 5 days at not less than 20 0 e to remove residues. However, it is known that even after all traces of ethylene oxide are removed there may remain 500-]500 mg/kg 2-chloroethanol. This is metabolized in the liver and the presence of this compound at such concentrations should be borne in mind by anyone considering the use of this mcthod of sterilization.
There is conflicting evidence concerning the stability of nutrients when diets are sterilized by ethylene oxidc. Some workers have reported destruction of vitamins or amino acids, others havc observed no detrimental effects (Hawk & Mickelsen, 1955; Windmueller, Ackerman & Engel, 1956 , 1959 Porter & Lane-Petter, 1965; Ford, 1976) . Methyl bromide is a mild antibacterial agent and insecticide. Other alkyl halides are also used as pesticides. No detrimental effects on nutrient quality have been recorded.
y-radiation
]n general, the currently formulated cereal-based diets survive y-radiation at doses up to 5 Mrads with little harm to their nutrient content (Ley, Bleby, Coates & Paterson, 1969; Adamiker, ]976 ). There may be small losses of thiamin, pyridoxine, retinol and a-tocopherol which may be more severe in diets of purified ingredients, but protein quality is not adversely affected (Coates, Ford, Gregory & Thompson, 1969; Eggum, 1969; Schoen & Hiller, 1971; Udes, Hiller & Juhr, ]971; Ford, 1976) . In certain circumstances there may be interactions between the ingredients of the diet which cause more severe losses. For instance, a serious loss of vitamin A activity in a dry feed was shown to result from changes in its abundant fatty components (Coates, ford, Gregory & Thompson, 1969) . The presence of moisture greatly increases the risk of indirect damage by free hydroxyl radicals.
Storage
Traditionally, compounded animal foods have been stored for as short a time as practicable between manufacture and use because of the dangers of their losing nutritive value or accumulating harmful or distasteful metabolites. Many ingredients of diets inevitably deteriorate during storage because of gradual oxidative or hydrolytic changes, or because of the action of enzymes present in raw materials. They may also harbour microorganisms which can survive the compounding process and resume activity in the stored diet.
Increased knowledge of the sources and interactions of nutrients and, in particular, the pasteurization or sterilization. of compounded foods, has to a very large extent obviated these dangers. Nevertheless, a limit should still be set to the time that elapses between manufacture and feeding. While sterilization guarantees the absence of changes due to microbial activity, and while the more labile foodstuffs are now commonly avoided, there is inevitably some alteration in the nature of some of the constituents of the diet which could lead to its becoming less palatable, even if not significantly less nutritive. Physical changes, such as drying, hardening or powdering, in a pelleted diet can also occur, sometimes even in sealed packs, due to adverse conditions of temperature or humidity in the storage area. Such changes can be reduced by LAC Diets Advisory Committee storage in a cool, dry and, preferably, dark environment (or by using opaque sacks). In ordinary circumstances it is recommended that diets are used within 3 months, preferably within I month, of manufacture, and that a date of manufacture or a date by which it should be used is shown on bags.
Transport
Providing that the diet is suitably packed, the only damage that might occur during transport would result from handling that could crush the pellets or endanger the integrity of the packs, or long delay in conditions that would not be accepted during storage (moisture, sunshine, presence of animal or chemical contaminants).
Special diets
This is necessarily an extensive and somewhat indefinable subject. The 'sp~cial' purpose may relate to any situation in which animals are to be maintained, and may involve the conditions of animal husbandry, the diet itself or any ancillary experimental treatment.
Purposes
Animals in special elll'ironments. It is self evident that diets for gnotobiotic animals must be sterile. For sp;:cified-pathogen-free animals the user may demand sterile diets or may be satisfi;:d with a milder treatment calculated to destroy vegetative organisms (p. 9). Some measure of nutrient destruction can be exp~cted according to the severity of the treatment applied (p. 13).
Conditions under which animals are maintained can also affect normal nutritional requirements. For gnotobiotic animals and others with a limited microflora the diet must provide those nutrients that might be synthesised by the gut bacteria in conventional animals. Similar effects may result from exp~rimental prevention of coprophagy.
The increased requirement for vitamin K reported in some specified-p:lthogen-free rat colonies appears to be a result of restricted gut flora, and although not quantitatively defined the current 'play safe' attitude indicates supplementation to at least 10 times the normal requirement. Environmental conditions may predispose animals to physiological stress, with consequently higher demands for some nutrients, hence the diet must be capable of supporting the animal under a range of conditions. Special strains of animal. Some strains, for instance of mice, may have higher requirements for certain nutrients than do others of the same species (Lyon, Williams, Arnold & Bradshaw, 1958; Hoag & Dickie, 1962; Porter, Lane-Petter & Horne, 1963; Coleman & Schlesinger, 1965; Hurley & Bell, 1974;  Laboratory animal dietary standards
Festing & Ford, in preparation To combat elrects of experimelltal treatments. Experimental treatments and dietary additives may affect the nutritional requirements of the animal or alter the stability and availability of other nutrients in the diet. Sulphonamides, for instance, increase the dietary requirements for folate because they inhibit its synthesis by bacteria in the gut. Retinol is more stable in the presence of tocopherols. Calcium and some other inorganic ingredients become less available in the presence of phytic acid. Thiamin is specifically concerned in carbocarbohydrate metabolism and the requirement is consequently less in diets with fat as the major energy source.
Commercial diets are formulated to provide for all known nutritional requirements with an adequate margin of safety to cover expected possible losses in processing and during storage. The marginal elevation by an experimental treatment of the requirement for a nutrient may well not be noticed if that nutrient was present in excess in the diet, nor indeed would anything less than a grossly increased requiremen t.
Nllt,-ition experiments.
Diets of which the composition is accurately known will be necessary for studies of nutrient deficiency or excess, nutrient imbalance, or to investigate novel ingredients or nonnutritive additives. Where strict nutritional control is essential certain selected purified ingredients are useful. They include purified proteins, such as casein, gelatin and albumin, purified oils and carbohydrates.
It must be remembered, however, particularly with respect to mineral, vitamin and amino acid nutrition, that it is virtually impossible to obtain diets absolutely free from a named nutrient. Even truly synthetic diets compounded from chemically pure ingredients, such as amino acids, fatty acids and sugars, will still be contaminated, p3.rticularly with metallic contaminants, although the amounts present will be very low.
Immullological studies. It is practically impossible to prepare diets entirely free from antigens, but diets of extremely low potential antigenicity can be made from selected synthetic ingredients which have been treated to ensure freedom from microorganisms. They are usually water-soluble, sterilized by filtration (Pleasants, Wostmann & Reddy, 1973) . Long-term toxicity studies. Long-term experiments afford time for the expression of cumulative effects of contaminants or imbalances in the diet, with eventual p3.thological changes due to accumulations of toxins or obesity. It is clearly worth particular care in formulating and monitoring diets for animals destined for long-term research, where the use of diets of different nutrient densities may be indicated, young growing animals eating a production diet before being changed to a maintenance ration for later life (p. 2).
Ingredients and physical form
Allowance must necessarily be made for natural variations in nutrient content.
By limiting the number of ingredients, comprehensive batch analyses can be made and the use of these ingredients together with chemical supplements of necessary micronutrients can provide a wide range of diets in which the level of any nutritional factor can be easily and simply varied. These diets can be supplied as a compounded meal, or in pellets or cubes. Semisynthetic diets are usually in powder form. Most animals will eventually consume them but a long introductory period may be necessary and wastage can be a major problem. Pelleting is extremely difficult. Such diets may be made into a paste with water, pressed into crumbs or forced through a cylindrical die, then dried and broken into suitable sized pieces, or pressed in a tablet maker. Addition of a binding agent, such as carboxymethyl cellulose (0'1-1·0%), is helpful.
Wholly synthetic diets are usually fed in liquid form.
Precautions
When ordering a diet for a special purpose its intended use should be fully discussed with the supplier. If possible the ingredients to be used and any prohibited components or limits of impurities should be specified. The required levels of nutrients should be stated so that formulation may be determined accordingly.
Where relevant, p~nnissible numbers and types of microbial contaminants should be given. Sterilized diets will probably need special packaging, which should be specified or approved by the customer.
Special requirements of particular species
Where no special requirement is noted, reference should be made to appropriate earlier sections.
Rats and mice
Rats and mice are considered together in this publication as insufficient evidence of differences was found to justify separate nutrient recommendations. It is usual to feed the same diet to rats and mice of all ages and conditions. For many short-term Table 4 . Recommended mineral levels per kg diet for rats and miee These levels refer to total final analysis Vitamins. Table 3 and see p. 6. The level of vitamin A recommended is to provide the basic requirement of 5000 i.u. per kg recommended by Coates, O'Donoghue, Payne & Ward (1969) , assuming a decomposition of 10% per month. The requirement for a-tocopherol (vitamin E) is affected by several factors (p. 6), but 60 mgjkg diet has been found satisfactory in practice using diets of natural ingredients. Table 4 and see p. 8. Special attention should be given to magnesium levels in long-term studies using rats, as this mineral has been implicated in the production of kidney stones (Magnusson & Ramsay, 1975) .
Minerals.
Guinea-pigs
Information on the nutritional requirements of guinea-pigs is not as comprehensive as that on rats and mice. Where possible original data have been used to compile these recommendations, otherwise levels of nutrients which have been found to be satisfactory in commercially-produced diets are used (Appendix III).
Diets for guinea-pigs are normally fed in trough hoppers or bowls on or near the floor of the cage. It was not considered that production of diet in any form other than the commonly-used 5 mm diameter pellet would be advantageous with present feeding methods. However, the committee noted the large wastage of diet which often occurs in guinea-pig colonies and suggested that closer attention to hopper design might be rewarding.
Protein and energy. A certain quantity of fibre is normally digested by the microflora of the gut and presumably supplies some energy to the animal. The likely result of this is that the metabolizable energy extracted from raw materials by guinea-pigs will differ from that extracted by other rodents, but no information is available on the energy requirement of the guinea-pig. Diets with levels of 7,1-11,0 MJ (1·7-2'8 Mcal)jkg (Appendix 1II) are produced and are used with satisfactory results. Protein requirements cannot be considered in isolation from energy levels, but the commercial diets containing 18-20% protein in use in the United Kingdom have given satisfactory growth and reproduction.
Requirements for methionine, cystine and tryptophan have been determined for guinea-pigs (Reid, 1966; Reid & von Sallman, 1960 ) but these have not differed markedly from those obtained for other species. Several workers have reported high requirements for arginine (Heinicke, Harper & Elvehjem, 1956; O'Dell & Regan, 1963; Reid & Mickelsen, 1963) , but all used a purified diet based on casein, in which it is claimed only 70 % of the arginine is available (Heinicke, Harper & Elvehjem, 1956) . It is therefore suggested that the amino acid pattern (Table 1) 
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expcrimcnts it is probably unreasonable to propose a diet in addition to that devised as suitable for breeding animals. However, in very large units or where no breeding animals are maintained it may be desirable to use a diet of lower nutrient density for economy or to minimise obesity (p. 2).
Diets for rats and mice are usually fed as cubes in wire hoppers. While the diet must be freely available to the animals, it is recommended that the cubes should be as long as practicable to decrease wastage.
Wastage can probably also be minimised by using cubes of 12-18 mm diameter.
Protein and energy. It is recommended ( Payne & Ward (1969) be adopted, and an energy: protein ratio of 75,3 kJjg crude protein (IS kcal/g). Metabolizable energy of the diets should be between 10,4-12,6 MJjkg (2'5-3'0 Mcaljkg). Table 5 and see p. 6. Although the guineapig is undoubtedly able to utilize some of the considerable quantities of carotene (a vitamin A precursor) supplied in most commercial diets by grass meal, this has been ignored when compiling these recommendations because utilization is not very efficient and grass meals contain variable amounts of carotene. addition to pelleted diets, and although colonies are maintained successfully without supplementation, there are indications that productivity is improved when hay is fed (Paterson, 1972; Ash, 1975) . Symptoms commonly described when hay is not fed are overgrown teeth and patchy hair probably caused by self-barbering or plucking by others (Paterson, 1957; McKenzie & Illes, 1976) . Hay is a potential source of pathogens and should be sterilized before use. Mitchell, 1952; Collins & Elvehjem, 1958) , although deficiency symptoms may not be noticeable at lower levels. It has been suggested that wound healing may be improved at higher concentrations (Yew, 1973) . Ascorbic acid is relatively unstable and decomposes faster than most other nutrients. It has been estimated that about 10 % is lost during the pelleting process, although this will depend on the amount of steam used. Further destruction proceeds in an exponential fashion but may amount to 50-80 % in the first 12 weeks after pelleting, depending on the temperature and humidity of the storage areas (Howarth, Fennestad & Hjarde, 1972; Eva, Fifield & Rickett, 1976) . The recommended level of 1500 mg{kg added to the diet should allow sufficient to be present in the diet at the end of 3 months to prevent deficiency.
Vitamins.
If autoclaved diets are fed, ascorbic acid should be administered in the drinking water (50 mg/iOO ml made up fresh daily).
Minerals. See also p. 8. There seems to be little evidence to suggest that requirements of guineapigs for minerals differ from those of rats and mice, and so the levels given in Table 4 are proposed.
Hamsters and other rodent species
Very little work has been carried out on the nutrient requirements of hamsters, and practically none on any species other than the golden hamster (Mesocricetus aI/ratus). Many hamsters in this country are fed rat and mouse food, and although some commercial hamster diets are available there is little evidence that the requirements of this species differ from those of rats and mice (Salley & Bryson, 1957; Arrington, Platt & Shirley, 1966; Knapka & Judge, 1974) . Diets are usually offered as pellets in overhead hoppers or, occasionally, as meal. There is no evidence available to show that the requirements of other rodent species differ markedly from rats and mice. They have been found to thrive on similar diets to those for either rats and mice or guinea-pigs, often with additional fruit or vegetables (Weir, I972a, b, 1973; Marston, 1972; Eisenberg, 1972; Pogosianz, 1972) .
Rabbits
Rabbits and guinea-pigs are sometimes fed the same diet, although rabbits do not require the added ascorbic acid and prefer a higher fibre content-often supplied as hay.
Energy requirements of rabbits have been shown to conform quite closely with general values for all species (Davidson & Spreadbury, 1975) . Where specific rabbit diets are fed it is not unusual to use separate formulations for maintenance and production to prevent obesity, and to do this it may also 
Ascorbic acid
No requirement for a-tocopherol (vitamin E) has been established but it will depend on the polyunsaturated fatty acid level of the diet (p. 6). Commercial diets produced in this country supporting adequate growth and reproduction are calculated to contain 40-80 mg/kg, and to ensure such a level an addition of 60 mg/kg is suggested.
The guinea-pig appears to have a definite requirement for vitamin K. A supplement of 2 mg/kg in purified diets has been reported to prevent deficiency symptoms (Reid & Briggs, 1953) , but animals with limited gut flora may require higher levels. Commercial diets containing grass meal are likely to contain considerable amounts of this vitamin. The guinea-pig is reported to have a higher requirement for folic acid than many other laboratory species (Reid, Martin & Briggs, 1956) . A supplement of 10 mg{kg diet is recommended, perhaps unnecessary in compounded diets but probably required in purified diets.
Most authorities give the minimum requirement for ascorbic acid (vitamin C) for growth as 75-150 mg/kg diet (Crampton & Bell, 1947; Pfander & although Stephens (1977) suggests that this may be a result of the failure of the analytical method.
Vitamins. Table 6 and see p. 6. Studies by Payne, Donefer & Baker (1972) indicated that between 8 and 14~g/kg bodyweight per day of vitamin A was adequate for growth but not sufficient for optimal reproduction. Braunlich (1965) suggested that 9000 i.u. vitamin A/kg was adequate in a commercial rabbit diet. The level of 2,] mg retinol/ kg (7000 i.u.) should be adequate in commercial diets. A daily provision of 1 mg/kg bodyweight (equivalent to about 20-30 mg/kg diet) of a-tocopherol (vitamin E) is generally agreed to prevent deficiency symptoms (Hove & Harris, 1947; Hove, Copeland, Herndon & Salmon, 1957) . 40 mg/kg is recommended in the light of statements by Diehl (1960) and Diehl & Kistler (1961) that decreased body tocopherol reserves occurred in rabbits infected with coccidia-still a fairly common disease in rabbits.
Vitamin K is required for adequate reproduction, and a level of 1 mg/kg was recommended in purified diets (Hogan & Hamilton, 1942; Moore, Bittenger, Miller & Hellman, 1942) . Sulphonamide drugs are frequently used as dietary supplements in the prophylaxis or therapy of coccidiosis: while it is generally agreed that they impose a greater requirement for vitamin K, no quantitative estimates have been found for rabbits. An addition of 2 mg vitamin K3 per kg diet is recommended.
Vitamins of the B group are probably supplied in adequate quantities by microbial activity and coprophagy.
It is, however, customary for compounders to add them to the diet in quantities similar to those added to rat diets (Table 3) . Table 7 and see p. 8. The minimum 40mg 2mg a-tocopherol Menaphthone be necessary to restrict food intake at all stages of life-apart from late pregnancy and lactation. It is recommended that intake be restricted to about maintenance level for non-breeding animals over 20 weeks of age, and to maintenance + 1/3 for breeding males and for females in the first 10 days of pregnancy. The actual amounts of food fed will naturally depend on the energy level of the diet, commonly about 7,5 MJ (1'8 Mcal)/kg in rabbit diets, but may be as high as 9·2 MJ (2,2 Mcal)/kg when guinea-pig diets are fed (Appendix ] Il).
Minerals.
Protein and amino acids. The literature on protein and amino acid requirements of rabbits has recently been reviewed (ICLA, 1975) . Crude protein requirements of 15 % for pregnancy, 17 % for lactation, 16% for growth and ]2% for maintenance are suggested by NRC (1966) . The absolute values will be dependant upon the ME of the diet and amino acid composition of the protein. For example, 16 % protein in a high-energy rabbit diet of, for example, 10,5 MJ (2'5 Mcal)/kg corresponds quite closely to the 69,9 kJ (16'7 kcal)/g crude protein suggested by Davidson & Spreadbury (1975) . However, with much lower ME values, such as those commonly found in commercial rabbit diets (Appendix III), to attain this ratio would only require 10-12 % correctly balanced protein. ]t is probably not feasible to compound a diet for growth or reproduction below 14 % protein with a cereal-based diet because of the difficulty in achieving the correct amino acid balance, so the NRC figures are recommended. The amino acid requirements are likely to be satisfactorily achieved using the pattern in Table 1 (Cheeke, 1971; Adamson & Fisher, 1973; Spreadbury & Davidson, 1975) .
Fat. Most commercial diets contain 2-4 % fat. Fat has been included experimentally in rabbit diets to increase energy at various levels up to 25 % without any ill effect (Thacker, 1956) , and increased food conversion efficiency and growth rate have resulted from increasing fat content to 14-4 % (Arrington, Platt & Franke, 1974) . However, no measurement of carcass composition was given in these studies.
Fibre. Most commercial diets contain 10-15 % crude fibre, and hay sometimes provides an additional source. Rabbits are reported to have a higher requirement for fibre than other species. Casady & Gildow (1959) suggest a minimum requirement of 15 % crude fibre, but Davidson & Spreadbury (1975) reported that diarrhoea observed with 3 % fibre did not occur with a diet containing 6 %, and that within quite wide limits (5-40 % fibre) the rabbit could adjust its food intake to maintain a constant metabolizable energy consumption. Digestibility of crude fibre by rabbits is said to be low, 0,05-0,1 (Davidson & Spreadbury, ] New World monkeys are usually fed higher protein diets (common]y 24-26 % crude protein), possibly because of their inability to consume large quantities of bulky foods, and their adaptation to partly carnivorous (high-protein) dietary regimes in the wild (Deinhardt, ] Portman, 1970) .
Fat. Monkeys will apparently thrive on diets containing 3-6 % fat (Fitch, Dinning, Witting & Horwitt, 1961; Greenberg & Moon, ] 961; Portman, Andrus, Pollard & Bruno, 1961) .
Fibre. No evidence of a requirement
for fibre by any species has been recorded, although Greenberg (1970) suggested that inclusion of bulk in the diet reduced the likelihood of hair boluses obstructing the passage of caecal contents in macaques. Certain vegetarian monkeys (Co]obinae) have a stomach adapted to utilize the products of microbial fermentation of ingested vegetable matter (Bauchop & Matucci, 1968) : these species are, however, uncommon in laboratory use. Dry diets fed to common species contain 2'5-5'0% fibre. to utilize either form of vitamin D equally (Greenberg, 1970) . NRC (1972) recommend 1430 i.u.fkg diet as adequate for rhesus monkeys, and although the form is not specified in this reference, cho]ecalciferol is recommended. There appears to be little evidence for the claim (Ruch, 1959; Kingston, ] 969), that New World monkeys have an appreciably higher quantitative requirement than Old World primates, providing it is given as cholecalciferol.
requirement
of the growing animal for manganese was reported to be 0,3 mg/animal/day, equivalent to about 1·8 mg/kg diet, but 1 mg/day, 6 mg/kg diet, was required for maximum growth (Smith, Ellis, Lobb, Thompson, Lorenzen & Larson, 1947) .
Rabbits grew less well and showed signs of deficiency after only 5 days on a diet containing 25 mg/kg zinc, whereas those fed 50 mg/kg grew well and showed no such signs (Graham & Telle, 1967) . This diet contained 16% soya-bean meal, a source of phytate which may have bound zinc. As soya-bean meal in such quantity is not unusual in diets, a level of zinc of 50 mg/kg is suggested (Table  7) .
Primates
In laboratories
in Great Britain, 7 species account for 94 % of all primates used in research (Hobbs, ] 975). These species, which include representatives from both New and Old World groups, have been shown to differ to a certain extent in nutritional characteristics. Data on nutritional requirements of any species of primate are inadequate but some reviews have been published (Harris, 1970; Kerr, 1972; NRC, 1972) . Some of the more important findings are mentioned below. Many animals are fed mixtures of human foodstuffs, such as eggs, bread, milk, sugar and fruit, sometimes with added vitamin supplements which, although acceptable to the monkeys, make balanced feeding difficult. A diet based on a compounded ration ensures intake of all essential nutrients in the optimum proportions.
Presentation of diet to primates is important, as acceptability appears to be more important than in other groups of laboratory animals. This may be influenced by taste (Chiarelli, 1963) , smell (Treichler, Horel & Meyer, ]962) or appearance (Mason & Harlow, 1959; Draper & Menzel, ] 965). To improve acceptability and also to alleviate boredom fruit is commonly fed, although the amount should be carefully controlled so that consumption of the balanced ration is not reduced too far by the more attractive but less nutritious supplement.
Protein and energy. The requirement of primates for protein and energy probably varies between species, generally being higher for animals of a lower bodyweight due to their greater energy requirement.
Possibly for this reason compounded diets for New World primates usually have higher protein levels than those for the generally rather larger Old World species.
Information regarding the requirements of primates for energy is scarce. Their requirement appears to be directly related to bodyweight kg O· 7 5 but Portman (1970) reports that the New World species consume more calories if a low-residue diet is fed rather than one with a lower nutritional density.
Toxicity of vitamin D in both New and Old World species has been reported (Hunt, Garcia & Hegsted, 1969; Hunt, Garcia & Walsh, 1972) . For both groups cholecalciferol was more toxic than ergocalciferol, 50000 i.u. per day resulting in death of rhesus, squirrel and cebus monkeys, while 2000 000 i.u. ergocalciferol, although causing some increase in serum calcium of rhesus monkeys, did not cause death.
As with other animals (p. 6) the vitamin E requirement of monkeys is likely to be correlated with the amounts of polyunsaturated fatty acids in the diet. For instance, requirements of 2·6 mg DL-Utocopherol/kg bodyweight have been reported for rhesus monkeys fed a high fat diet, but 0·7 mg was sufficient for those on a fat-free diet (Fitch & Dinning, 1963) . Horwitt (1962) recommended I mg vitamin E for every ]·2 g of linoleic acid to prevent erythrocyte haemolysis in man, and this corresponds quite closely to the 10 mg/kg diet of Bieri & Evarts (1972) working with rhesus monkeys. The present recommendation is made with this work in mind, and also the suggestion of Hayes, Ausman, Fay & Dorr (1973) that New World monkeys are more susceptible to deficiency of vitamin E due to their more fragile erythrocytes.
A minimum dietary requirement has been indicated for vitamin K of about 6 fLg/kg diet menaphthone disodium phosphate (Hill, Schendel, Rao & Johnson, 1964) . ] mgfkg diet is recommended to ensure an adequate supply in the diet when eaten.
Primates require thiamin, riboflavin, niacin, pantothenic acid, pyridoxine, folic acid, cyanocobalamin, biotin and choline. There should be sufficient biotin and choline in diets of natural ingredients but supplementation may prove necessary in purified diets. Greenberg (1970) suggests an intake of 5·7 Ilg vitamin B 1 2/day for rhesus monkeys, corresponding approximately to 70-100 Ilgfkg diet: a level of 100 I-Ig is therefore proposed in Table 8 , increased by 10 % to allow for an intake of fresh fruit. In the absence of evidence to the contrary, the levels of other vitamins suggested are those recommended for rats and mice similarly increased by 10%.
Most primates require dietary ascorbic acid, and minimum requirements for various species have been suggested (Day, ] Elvehjem, 1945; Lehner, Bullock & Clarkson, 1968) . About 40-400 mg/kg diet should suffice. It is unwise to rely on fresh supplements because of variation in ascorbic acid content. Ascorbic acid is an unstable substance (p. 17) and is best fed in the diet, ensuring that an adequate excess is present to allow for loss during manufacture and storage. It is recommended that at least 1700 mgfkg should be added to the diet.
LAC Diets Advisory Committee
Minerals (see also p. 8). In the absence of further detailed information we suggest the same mineral . levels as for rats and mice (Table 4 ).
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Ammerman, C. B., Fick, K. R., Hansard, S. L. & Miller, S. M. (1973) The use of preservatives, especially nitrites, should be avoided.
Extracted soya-bean meal requires sufficient heat treatment to minimise the effects of trypsin inhibitor and other heat-labile toxins, but not so much as to impair the availability of the amino acids. Linseed expeller cake, because of its cyanogenic properties, should be restricted to those diets which are to be fed in the dry state. There should be no contamination by castor seed.
Miscelleneous materials
Dried skim milk should be manufactured by the spraydrying process to ensure maximum nutrient availability. Unextracted dried yeast should consist almost exclusively of yeast cells. The presence of bacterial cells, even though dead, can result in an immunological response in animals fed on diets so contaminated.
Dried grass meal should contain at least 15% protein.
biological load from one batch to another, some raw The l3-carotene level will gradually fall during storage materials such as meat and bone meals, dried blood and through the winter months, but a level of not less than processed feather meal, are undesirable. 300 p.p.m. should be the target at the time of manu-Other raw materials such as sorghum, milo, millet, facture. Minerals and trace elements should be selected from those rapeseed and sunflower extractions, are not essential for the formulation of laboratory animal diets and, as compounds known to be readily available.
the supply may well be intermittent, it is recommended Unacceptable raw materials. Because of the extreme that they should be avoided. variation in either analysis, nutrient availability or micro-Appendix IT. Analyses of raw materials recommended for use in laboratory diets
The Tables give typical levels for these raw materials, and are not intended as standards for all samples. Values supplied by H. E. Clarke, RHM Agriculture Ltd, Deans Grove House, Colehill, Wimborne, Dorset, BH21 7AE. 2. 50 % protein meat and bonemeal is used in calculated analyses (Table II 1:2) 3. Present 4. Sodium chloride only 5. Cod-liver oil 6. Containing 1 g ascorbic acid 7. 10 g sodium chloride, 10 g calcium carbonate Table III : 2, Calculated composition of diets in Table Ill: 1 Where possible, Appendix IT was used in these calculations Diet:
.j>. 12·8 8-4 14·2 5-4 7·7 9,8 10,7 8·2 10·4 8-6 (7'1) (8'3) (14'7) (9·4) (13'1) (11-3) 7·2 12·2 8,3 10,9 5,5 7-6 6,7 5'1 6,3 10,5 9,9 (7-6) (8'0) (7'2) (10'9) (10-3) Metabolizable energy 11·1 11·3 10-9 13,3 13-0 10,6 11·0 9,4 7·2 7,6 11·9 7,0 6·9 (MJ)t (2'66) (2·71) (2'60) (3'18) (3·t2) (2'53) (2'64) (2'25) (1'72) (1'82) (2'85) (1·68) (1'65) Lysine (g) 7-6 8·8 10-6 11-5 13-3 9·1 9-6 8,8 10·1 9-6 9·8 10·4 9·1 Methionine + cystine (g) 5-4 5,6 6,0 7-l 7,5 6,6 5-9 6,4 6·1 6,4 6·1 6,4 5,6 *The figures for calcium and phosphorus are calculated on the basis of the natural raw materials alone. Figures in parentheses are those calculated after including levels supplied by mineral mixes (when given) in references tMcal in parentheses 28 LAC Diets Advisory Committee Appendix IV. Pesticide residues
We are indebted to Mr A. N. Crabtree (Shell Toxicology Laboratory, Sittingbourne, Kent) for carrying out these analyses. ·Further analyses were carried out on samples of wheatfeed from different geographical locations giving a range of values for "{BHC ofO·0I5-0·075I-1g/kg. This raw material seems to be the most likely to contain high pesticide residues and is also the most variable tDieldrin 
